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ABSTRACT 


weathering of bed rock to soil involves physical and 
chemical changes. The results of these changes were studied in 
two laterite soil profiles near Calicut, Kerala and in a Black 
Cotton soil profile near Pune, Maharashtra. The physical changes 
at the interface between bed rock and partly weathered c-horizon 
can be quantified in terms of saturation moisture content. 
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Typical values are 2% in Calicut bed rock, 6% in laterite profile ' 
and 18% in Black soil profile. The chemical changes are reflected 

/ 

primarily the variation in mineralogy. Other variables are / 

grain size distribution, moisture content, organic matter content, 

pH and cation exchange capacity (CEC) . 

CEC of both soils is controlled by organic matter, clay 

type and percentage of clay fraction. The highest CEC of Q9 

meq/100 g was observed in the near surface a-horlzon of montmori- 

llonite rich black soil. The laterite soil containing kaolinite 

and gibbsite has CEC around 32 meq/100 g near surface. Both 

soils show a decrease in CEC as organic matter decreases with 
n 

depth or when organic matter is removed by H 2 O 2 treatment. 

The general sequence of tropical weathering is deciphered 
to be (1) break down of feldspar and pyroxene, (2) formation of 
montmorillonite rich black soil under poor drainage condition, 

(3) formation of kaolinite under intense leaching ,S:f( 4) final 
accumulation of gibbsite, goethite and amorphous iron oxide with 


/ 


cementation of clay particles at the top of a laterite soil profile. 



CHAPTER 1 


INTRODUCTION AND OBJECTIVES 

The importance of soil studies hardly needs elaboration. 

In addition to well known applications in agriculture, ground 
water exploration, slope stability and civil engineering 
construction, there is a growing need of soils for waste disposal 
sites. Most civil engineering projects have to deal with soil 
properties. The engineering behaviour of soils is expressed 
in terms of the variation of certain index properties in response 
to natural and man-made stress levels. On the other hand, it 
has been realized that their index properties are strongly 
dependent on the environment of soil formation. 

Soil is known to be the product of interaction of the 

parent material with climate, organisms, topography and time. 

All these factors affect the rate of weathering of the fresh 

rock. The net effects of weathering are 5 (1) bhe physical 

reduction in particle size and (2) the chemical decomposition 

of primary minerals and formation of new minerals. These two 

processes give rise to various layers or horizons in the soil 

/' ' 

profile starting from ^ top soil, rich in organic matter, to a 
horizon containing partly weathered bed rock. 

Chemical weathering reactions in particular are most 
extensive in tropical climates because of relatively high 
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temperature and abundant rainfall,^ Therefore, soil profiles are 
most clearly developed xn tropical climates. The two major 
residual soil types of India are Later! tic soils and Black 
Cotton Soil. Laterite was first discovered in the state of 
Kerala where great thickness of red soil profiles are found 
over Precarnbrian basement rocks like Charnockite and Peninsular 
Gneiss. The type area of Black Cotton soil is the Deccan Basalt 
Outcrop in Central and Vjestern India. 

In this thesis two typical profiles are studied in 
detail to assess the effect of soil formation processes on 
index properties. One is a laterite profile near Calicut, 

Kerala. The other is a black soil profile near Pune, Maharashtra, 
The main objectives of this work were 

(1) To map the soil profile in field, recording the thickness 
of individual horizons and physical properties like colour, 
granularity, etc. 

(2) To collect representative samples for laboratory deter- 
mination of index properties* 

(3) To scan the profiles for mineralogy by X~ray diffraction 
technique . 

(4) To correlate mineralogy, grain size variation and organic 
matter content with cation exchange capacity. 

(5) To establish the difference in degree of weathering and 
index properties between laterite and black cotton soil. 



CHAPTER 2 


PREVIOUS VWRK 


2.1 WEATHERING PROCESS: 


Rocks and minerals at. the earth surface adjust to the 
greatly reduced temperature and pressure conditions in the soil 
environment. The process of adjustment is broadly called 
weathering. The agents and energies that activate weathering 
processes have been classified into physical and chemical types. 

In physical weathering^ rock materials are broken into smaller ^ 
fragments by mechanical forces^ whereas ^in chemical weathering 
there is a change in the chemical composition of the original 
rock due to removal of ions and formation of new minerals 
(Corroll, 1970) . The most important agent of chemical weathering 
is dissolved CO 2 derived from atmospheric and biogenic sources . 

The mildly acidic H-^CO- solution attacks rock forming minerals 

/ 

through an exchange of cations by H ior^. For example. 


Feldspar r CO 2 -r H 2 O — > Clay t Cations -!- Si02 l- HCO^ 

Other important weathering reactions include complete dissolution 

of carbonate minerals and oxidation of iron. The net effect^of 
(MTt , , 

weathering s Cl) the physical reduction in particle size 
and (2) formation of hydrated silicate and oxide minerals 
(Foth, 1984) . 
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2.2 WEATHERING AND SOIL FORMATIONS 


One of the most significant result^ of the weathering of ( 
the bed rock is the development of residual soil profiles. A 
vertical section through the soil shows various horizons starting 
with the zone of leaching at the surface followed by zone of 
accumulation/ a zone of partly weathered rock and finally the 
fresh bed rock. In the nomenclature of soil scientists these 
are 




commonly termed as the h, B, C and D horizons CF^^t^ 1984), j. 






The chemical reactions which lead to soil formation have 
relatively fast rates under tropical climates. At the same time 
abundant rainfall leaches away the soluble products of weathering 
reactions. In many tropical cou ntries including India the two 
important residual soil types are the red soil (lateritic) 
and the black soils (black cotton soils) . At many locations 
a single parent material gives rise to red soil under adequate 
drainage and black soil when drainage is poor (Lunkad and 
Raymahashay 1978? Rao and Krishna Murti/ 1985) . 



0 ^^ 


The difference in the weathering resistance of minerals 


w^e used by Jackson and Sherman to establish 13 weathering 
stages that relate mineralogical composition of soils lo 
weathering intensity. Representative minerals with the weathering 
stages are given in Table 2.1 (Foth^ 1984) . 
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WEATMERING 

STAGES 


1 

2 

3 

4 

5 


6 

7 

3 

9 

10 
11 
12 
13 


Table 2.1 


REPRESENTATIVE MINERALS 

EARLY WEATHERING STAGES 

Gypsum (also halite , sodium nitrate) 

Cal cite (also dolomite, apatite) 

Olivine-hornblende (also pyroxene) 

Biotite (also glauconite, nontronite) 

albite (also anorthite, microcline, 
orthoclase) 

INTERMEDIATE WEATHERING STAGES 
Ouartz 

Muscovite (also hydrous mica) 

2 il layer silicates (including vermiculite, 
expanded hydrous mica) 

Ho ntmoril Ionite 

ADVANCED WEATHERING STAGES 

Kaolinite 

Gibbs i te 

Hematite (also goethite, limonite 
Anatase (also rutile, zircon) 


2.3 CHEMISTRY OP WEATHERING s 

Two major processes during rock weathering are (1) 
leaching of exchangeable ions and (2) removal of silica with 
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consequent accumulation of AI 2 O 2 and Fe202 , The solubility of 
Si02/ Fe202 and AI 2 O 2 is a function of pil as shovm in Fig. 2.1. 

As is obvious, under natural water pH values of 6 to 8, silica / 
IS more soluble than AI 2 O 2 leads to the formation 

of bauxite and laterite at the most advanced stage of tropical 
weathering . 

Hany workers have suggested that one chemical criterion 
to classify lateritic soil is that the ratio of Si 02 to Fe 202 
AI 2 O 2 should be between 1,33 and 2.0. (See for example Ola^ 

1978) , More recently a mineralogical extension of the same 
criterion has been suggested where the relative proportion of 
kaolinite, gibbsite and goethite has been used to distinguish 
laterites from bauxites (Aleva/ 1981) , 

Gidigasu (1976) distinguished three major stages of 
laterisation j (l) Decomposition of primary minerals (2) combined 
leaching of silica and bases with enrichment of sesquioxides 
and ( 3 ) partial or complete dehydration sometimes involving 
hardening. 

It has been observed that removal of free iron oxide 
coatings from lateritic soils improves X-Ray peaks of clay 
minerals, increases clay size fraction/ modifies cation exchange 
capacity values (Rao and Raymahashay/ 1981) , 

The main difference between lateritic and black soils is 


the occurrence of rnontmorril Ionite in the latter. Various factors 



Log concn. {mole /I) 
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have been found to control the development of kaollnite and 
montmorillonite in soil profiles. 

2.4 I<AOLIUITE VERSUS MONITIORILLONITE • 

Weathering can be considered to be a process of progressive 
leaching of cations and silica from the primary silicate minerals 
in the bed rock. The extent of leaching is accelerated at 
relatively high temperature and high rainfall. Therefore, 
tropical climates are most favourable for advanced stages of 
weathering and soil formation. Starting from tightly bonded 
feldspar structure, there is successive transformation to 3- 
layer structure of montmorillonite, 2-layer structure of kaolinite 
and finally the single layer A1(0H)2 or PeCOH)^ structure (Pig.2.2), 

The development of kaolinite vs. montmorillonite in 
tropical soils has been found to be directly related to rainfall 
(Pig. 2.3), 

For the primary minerals to lose cations and silica, the 
local ground water is the most obvious leaching agent. The 
thermodynamic stability of the secondary minerals thus depends 
on the concentration of released ions in ground water. This 
situation can be depicted through Garrels type ion activity 
diagrams. i,In Fig. 2,4 areV^tability diagrams; developed by / 
Tardy (1971)^. Ground water compositions from black soil over 
Deccan Basalt (Lunkad and Raymahashay, 1978) are plotted on the 
Na and Ca- system diagrams (Fig. 2.4a Sd b) and composition of 



Al2[Si2]05 (0H)4 KAOLINITE 



Max (Al2.xMgx) [Si^l 0,o(OH) ;nH20 
Na - MONTMORILLONITE- 


[Al2(OH)0]GIBB5ITE 
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AFTER GIDIGASU (1976) 


Fig. 2-3 


I 



Log (a No’/aH**’) 



-5 -4 -3 '2 

Log a Si02 

Fig. 2-4 a 


am. silica sain. 


© Black soil water 
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typical well water from Calicut Latertte (Raymahashay et al, 

1935) has been plotted on the K-system diagram (Fig. 2.4c). It 
is clear that laterite water has lower a K^/aH' ratio and a Si02 
and plots in the Kaolinite stability field. A\t higher SiO^ 
activity and relatively high a Na'/^M* and a Ca' ratios 
montmorillonite is stable in the water from Black soils, 

2,5 ION EXCHANGE PROPERTY 

Clay minerals have the capacity for cation exchange 
because exchangeable ions are held around and in between the 
silica alumina structural units. In the case of kaolinite, the 
cation exchange capacity (CEC) is mostly due to broken bonds 
at the edges. The number of broken bonds and hence CEC increases 
as the particle size decreases. Lattice distortion and isomor- 
phous substitution can also have limited contribution towards 
CEC. The usual range of CEC of Kaolinite is from 3 to 15 meq/''lOOgm. 

For montmorillonite 80% of cation exchange capacity is 
due to isomorphous substitution and the rest is due to broken 
bonds. The unbalanced charges are satisfied by exchangeable 
cations present mostly in the inter layer position and some 
at the particle edges. The range of CEC for montmorillonite 
is 80 to 150 m eg /lOO gm, (Grim, 1953), 



Log (aK^/aH* ) 
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CHAPTER 3 


METHOD OP WORK 


3.1 FIELD WORKi 

The two laterite profiles are situated near the Regional 
Engineering College/ Calicut, Kerala, The REC is situated at 
Chattamangalam about 23 km. east of Calicut town. Profile L~I 
is in a freshly dug pit near the Government secondary school 
at REC. The pit was dug using an ordinary pick; and an auger. 

The thickness of various visibly distinct layers was measured 

1 -K 

with a tape (Plate 3.1). It was observed that the soil is wetter 
and sof-t^^j^ ' towards the bottom of the pit about 4.6 m deep. A 
clay zone, greyish in colour could be distinguished below the 
reddish laterite on top. 

Profile L~-II was observed in a stone quarry situated at 
Kattangal, about one ]cm. away from REC. A dark coloured rock 
with white quartz lenses is being excavated by explosives. A 
thin soil profile was measured on top of this bed rock. The 
total depth is about 2,4 m (Plate 3.2). 

The Black soil (Profile III) occurs at Markal, 40 km. 
east of Pune, Maharashtra. The samples were obtained from 
Mr. Ajit V. Kulkarni of the Geology Department, University of 


Pune 
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3.2 LABORATORY WORKS 

u> I 

The soil sample v/as air dried and the part of soil which 
passes through Sieve Ho, 80 (ASTM) was retrieved and used for 
further work, 

3.2.1 pH s 

About 10 gms of air dried soil was taken in a beaker and 
40 ml of distilled water was added to make 154 suspension. 

After stirring it, it was left to settle and the pH of the 

top layer of the solution was detemined by usrng a Systronics Grip 

pH - meter. 

3.2.2 MOISTURE CONTENT 5 

To determine the natural moisture content of the soil 
about 20 gm of the original soil sample was accurately weighed 
and put into an 110°C oven. After 24 hours, ic was taken out 
and the weight loss was determined. 

3.2.3 REMOVAL OF ORGANIC MATTER 5 

About 10 gms of soil was taken in a beaker and 10-20 ml 
of distilled water was added to make up the suspension to 1 il 
to 1 j 2 soil-to-water ratio. The soil suspension was heated 
to about 60-80 °C and 30% hydrogen peroxide (H 2 O 2 ) was added 
drop by drop while stirring. Addition of H 2 O 2 was continued 
until the sample ceased to froth. After bhat the suspension 
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was filtered using ^Thatman 42 filter paper and washed with 
distilled water. The residue was allov/ed to dry at room 
temperature and the organic matter content was determined by 
weight loss. It is understood that this treatment with ^ 2^2 
does not completely oxidize the organic matter. However, it is 
a quick method to determine the order of magnitude of soil 
organics (Jackson, 1958) . 

3.2.4 CLAY CONTENT : 

About 300 gm of oven dried soil is taken and the 
finer material passing through sieve No, 200 was collecied. 

Ihis soil passing the No. 200 sieve is saved for further analysis. 
The soil retained on the No. 200 sieve is thoroughly washed 
With water till clear water passes through the sieve, Af teaSv/'-irds, 
it is oven dried until constant weight is obtained. '('nen, the 
percentage of the soil retained on No. 200 sieve is determined. 

A hydrometer analysis is made by taking 40 gm of the soil passing 
the No. 200 sieve. This test involves first soaking the 40 gm 
of soil over night in a sodium hexametaphosphate solution in 
order to facilitate dispersion. Then, it is placed in a metal 
cup with baffles on the inside, and it is dispersed for 10 minutes 
by the soil mixer running at a speed of 1G,000 revolutions per 
minute. The soil mixture is poured into the cylinder and 
distilled water is added to bring tlie contents up to one litre. 

By closing the mouth of the cylinder, it is inverted 3 to 5 
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bimes to make the soil suspension thoroughly suspended and then 
it is kept on a level and stable table and the rime immediately 
noted. The rate of fall of suspended particles is related to 
size (sand settling faster than silt, sand silt settling faster 
than clay) according to stokes law. Hence, the percentage of 
clay in the soil passing No, 200 sieve is determined from the 
gradation curve drawn. Then, the percentage of clay in the total 
soil is calculated as the percentage of soil retained on No, 200 
sieve.js known, 

3.2.5 CATION EXCHANGE CAPACITY 3 

From the sieved fraction about 1 gm of accurately 
weig?-ied soil is taken. This is put on a filter paper (Whatman 
No, 40) which is kept in a Buchner funnel. Then, the soil is 
saturated vvith 50 ml of 0.2 N potassium acetate. Then, the 
soil is washed with about 70 ml of distilled water. Then, a 
fresh graduated cylinder is kept below the funnel and the soil 
is washed with 50 ml of 1 N ammonium acetate. The volume of 
solution collected in the graduated cylinder is noted and the 
exchangeable potassium in solution is analysed by Flame photometry 
and the exchangeable K' expressed in meq/^lOO gm of soil (Modified 
after Indian Standard, 1967). 

The same is repeated for the soil treated with 30% 

H 2 O 2 to determine the CEC of the soil without organic matter. 


re ) 


1 I'J 


r> 




i ' 

1 f 
C ' .t 


f 


l.h ‘ • 
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3.2.6 QUICK WATER ABSORPTION TEST ; 

This is done for the weathered roclv and fresh rock of 
the Calicut quarry as well as for the weathered basalt on which 
the black soil of Pune has developed. 

About 100 to 250 gm of rock is taken and kept in an 

\ 

110°C oven for 24 hours. (Then^ the dry weight (W^) is accurately 
noted. (Then, the sample is soaked in water for about one hour 
and is then taken out of the water. The excess dripping water 
is dried by tissue paper and (this/ sample saturated by quick 

r ' ♦ 

absorption is accurately weighed (VJ 2 ) • ( Then\ j’the quick absorption 

'I 

_,is determined by applying the following formula 

- W. 

Absorption {%) rr x 100 

'^1 


3.2.7 X~RAY DIFFRACTION ; 


About 2 gm of soil was mixed v;ith 50-100 rnl of distilled , , 
water in a cylinder and heavier fraction (quartz, etc) was ' 

' I 1 

allowed to settle for about 10 minutes. Middle fraction of p 

the soil suspension was taken out by a pipette and spread over 
a glass slide. The slide was allowed to dry at room temperature. " 

i ' 

This technique lets the flaky particles to orient themselves 
parallel to their basal planes and the identification of basal 
peak is easier in X-ray diffraction. 


All the oriented slides as well as bulk powder samples 
were scanned by X—ray diffraction in an ISO— DEBYEPDEX— 2002 
(SEIFERT), 30 KV X-ray diffractometer using radiation. 
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CI-IAPTER 4 


RESULTS INTERPRETATION 

4.1 DESCRIPTION OF SOIL PROFILES; 

Two separate laterite profiles front Calicut area and 
one black soil profile from Pune area were chosen for study. 

Prof j le L-I and Profile L-II are located near REC, Calicut 
whex'eas Profile III is located at Markal, about 40 km east of 
Pune. The locations of representative soil samples collected 
from each profile are indicated in Pig. 4.1 

4.1.1 PROFILE L-I ; 

The horizons of the soil in this profile are well developed. 
The soil extends to 5.4 m and the base is not seen. The top 
soil marked *a', is about 20 cm thick and is dark brown in 
colour. It is the horizon where dead leaves and grass roots 
are maximum. Below this zone is 'a 2 ' vdiere the colour is not 
as dark as 'a^' but is reddish brown and the soil is very gravelly 
and loose. The horizon '^ 2 * extends to a depth of 1,2 m. The 
gravelly part diminishes in abundance and there is a gradual 
change towards red colour as we go further below 1,2 m. The 
soil becomes hard and blocks could be cut easily. This horizon 
is the zone of accumulation, rich in iron oxides indicated by 
its red and mottled (yellow) colour. This horizon termed 'b^' 
extends gradually to the softer and wetter 'b 2 ' horizon (clay zone). 



PROFILE I PROFILE 11 


23 


LU 

U_ LU 
O 2 
q: :d 

D_ Ql 





ULi:> ui M^daQ 


l 


SAMPLE LOCATION 




24 


The transition is gradual but at about 4.6 the v/hole horizon 
below becomes sticky and whitish in colour (Plate 3,1). Samples 
were collected at 60 cm, 4.2 m and 4,8 m depth (referred hereafter 
as Cal 60/ Cal 420 and Cal 480 respectively) , 

4.1.2 profile L-II i 

This profile is located at a quarry not very far from 
Profile L“I described above. The major difference is that a 
complete profile from bed rock to top soil is visible here 
(Plate 3.2) The profile upto a depth of 2.9 m is almost a 
vertical cut. The top 20 cm or so is dark brown in colour and 
is full of fallen leaves and grass roots. This has been termed 
as 'a' horizon. This is followed at depth by red laterite 
zone indicated as the 'b' horizon in Pig, 4.1. Unlike Profile 
L-I there is no mottling of lower part of the laterite zone 
and there is a sharp transition to zone of partly weathered rock 
called the 'C' horizon. This is a layered, fragmented yellowish 
rock which has retained some of the dark colour of the bed rock. 
Below this partly weathered zone is a huge mass of the dark 
coloured bed rock. This rock is quarried using explosives and 
then manually cut into blocks or broken to aggregate size chips. 
This zone of bed rock has been labelled as ’d' horizon in Pig. 

4.1 and is located at a depth of about 2.9 m belov/ the surface. 
Samples were collected from the 'b' horizon at 1,9 m (Cal 190) 
the 'c* horizon at 2,65 m (Cal 265) and also from the 'd' 


horizon below 2.9 m. 
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4.1.3 PROi^ILE III: 

This is a blac]: soil profile near Pune. The top 30 cm 
of the soil is full of grass roots and is labelled as the ‘a' 
horizon in Pig. 4.1. Below this is the black soil zone {'b' 
horizon) which extends upto a depth of 2.6 m. At this depth a 
zone of partly weathered basalt occurs. The rock is highly friable 
and soft and disintegrabes in water. However/ it retains the 
jointed nature of the original basalt. Representative samples 
were collected from 'a' horizon (P-1) , top of 'b' horizon 
(p~2) / bottom of 'b' horizon (P-3) and also from the 'o' horizon 
as shown in Pig. 4.1. The base is not seen, 

4.2 INDEX PROPERTIES OP LATERITE PROFILES s 

Literature survey indicated that tropical soil profiles 
show extensive variation in a few index properties which can 
be determined easily by the field engineer. Since the samples 
collected for this study provided an opportunity to monitor 
variation with depth/ the parameters selected were mineralegy/ 
grain size variation/ moisture content/ organic matter content, 
pH and cation exchange capacity. 

4.2.1 lilNERALOGY s 

Profile L-I was studied through three samples collected 
from 's. 2 *, ‘b^* and »b 2 ' horizons (Fig. 4.1). A comparison 

of the X-ray diffractogrammes of the three samples showed the 
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following features. The Cal 60 sample at 60 cm depth contains 
quartz with broad and poorly defined peaks of kaolinite, 
gibbsite and possxbly halloysite and goethite (Fig. 4.2). 

The clay peaks are remarkably sharpened in samples Cal 420 and 
Cal 480 (Fig, 4,2). The overall mineralogy remains to be 
quartz / kaollnite and gibbsite upto 4,8 m depth. It is apparent 
that the iron oxide coatings suppress the clay peak towards the 
top of the iaterite zone. As there are only imperfect X-ray 
peaks of iron oxide minerals in these dif fractogramsy it is 
concluded that iron is present as X-ray amorphous /hydroxide 
phases ( limonite) , 

The sample from 1.9 m depth of profile L-II once again 
shows an assemblage of kaolinite-gibbsite-quartz , However/ in 
thinprofile it was possible to study the mineralogy of the 
partly weaLi ' red zone and the bed rock. XRD of a powder 
sample at 2,65 in depth (c-horizon) showed prominent peaks of 
sodic plagioclase at 3.17, 3.20/ 3.67, 3,79 and 6,3 a®, The 

O O 

other minerals are pyroxene (2.99 A), quartz (3.34 A) and 

mica (10 A) . A sedimented slide of this sample shows a peak 
at 8.4 A which may be due to halloysite. A thin section 
prepared from the bed rock showed twinned laths of plagioclase, 
pleochroic biotite, right angle cleavage of pyroxene and 
rounded grain of quartz (Fig. 4.3). The rock shows gneissic 
banding. It is tentatively classified as a Biotite Gneiss, 
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QUARTZ 



Fig.A-3 
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4.2.2 GRAIN SIZE VARIATION 3 

This feature was analysed under two heads (l) Percentage 
retained on sieve No. 200 called the coarse fraction and (2) 
Percentage of the less than 2~^ particle size called the clay 
fraction. The variation of these two ijarameters with depth in 
profile L-I&l-II is shown in Table 4,1. 


Table 4.1 



COARSE 
FRACTION % 

CLAY FRACTION % 

Cal 60 

40.2 

34.7 

Cal 420 

30.0 

47.6 

Cal 400 

29.9 

53.2 

Cal 190 

62.3 

13.2 


It is apparent from these data that cementation of soil 
particles by iron oxide toward the top of later ite zone results 
in a progressive increase in the coarse fraction and a comple- 
mentary decrease in the clay fraction. This supports the 
observation made earlier that the X-ray peaks of the clay 
minerals are suppressed by iron oxide coating tov^ard the top 
of the laterite soil profile. 

4.2.3 NATURAL MOISTURE CONTENT s 

As shown in Table 4.2, moisture contents at different 
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depths o£ Profile L-I show a decreasing trend towards the top. 
As evaporation is maxomum at the top soil, the moisture content 
is relatively lower than at the other two deeper horizons 
(Cal 420 and Cal 480) , Clay has greater ability of retaining 


Table 4.2 


MOISTURE CONTENT 
% 


Cal 

60 

10.07 

Cal 

420 

20.48 

Cal 

480 

24.75 

Cal 

190 

16.81 

Cal 

265 

1.49 


water as its permeability is comparatively less. As shown in 
Table 4.1, t?iere is an increase in clay content with depth and 
the result of the moisture contents agree with the above argument. 
In Profile L--1I the moisture contents of 'b' -horizon and 'c' 
horizon was determined through samples Cal 190 and Cal 265 
respectively. The partly weathered rockCc' horizon) is highly 
permeable and has much less ability of retaining water than the 
'b' zone with its relatively high clay content, 

4.2.4 saturation MOISTURE CONTENT ; 

At the interface of bed rock and partly weathered rock 
{'c* horizon) there are certain small scale changes in the 
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physical properties of the fresh rock. Hamrol (1961) devised a 
weatherahi lity index based on quick absorption test which 
consisted of soaking a rock sample in v/ater and determining 
its saturation moisture content. Details of the test has 
been given in Chapter 3. The observation is that as a rock 
is progressively weathered it develops cracks and fissures 
and looses cohesion and therefore it is able to absorb greater 
quantities of water. The weather ability index defined as 

Wt, of sab, saraple VJt. o f dry sai-aple „ 

VJt, of dry sample " ^ 

IS equal to 2.03 for the bed rock of Profile L-II and 6.76 in 
the partly weathered zone at 2.65 m depth. As expected; the 
index of weathering increases from the bed rock to the 'c' 
horizon. 

4.2.5 ORGANIC MATTER CONTENT s 

The variation of this feature with depth in Profiles 
L-:c and L-II is given in Table 4.3. The organic content at 
60 cm depth in Profile L-I is high whereas at greater depths 
of 4,2 m or 4,8 m, no organic matter was detected. As the 
source of organic matter in soils is mainly from plants and the 
quantity of plant matter decreases with increasing soil depth, 
this result is expected. 
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Table 4.3 


ORGANIC MATTER CONTENT 

Q/ 

1 , .. . . /o 

Gal 

60 

13.6 

Cal 

420 

NOT DETECTED 

Cal 

480 

NOT DETECTED 

Cal 

190 

7.5 


Though the sample from 'b' horizon oi the Profile L-II is 
nearer to the weathered zone, organic matter content, is found 
to be 1 S^'/o, The depth at which this sample is taken is at a 
relatively shallow depth of 1,9 m. So, plant roots may be 
present to contribute to the organic matter content. 

4.2.6 SOIL pH s 

The near surface sample Cal 60 has a soil pH of 7 .4 in 
ls4 suspension. The pH decreases slightly to 7.3 xn the laterite 
zone at 4.2 m, 

4.2.7 CATION EXCHANGE CAPACITY s 

The cation exchange capacity (CEC) of soil mainly depends 
on organic matter content, clay content and type of clay of the 
soil . Profile L-I was studied through two samples collected 
from upper and deeper surfaces at 60 cm and 4.2 m respectively. 
The CEC of the natural soil at 60 cm is 32.1 meq/lOO gm but this 
drastically goes down to 6,4 meq/100 gm when the organic matter 
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Table 4 . 4 


CEC in meq/'lOO 


Cal 60 ( natu^ral ) 32,1 

Cal 60 (without org.) 6.4 

Cal 420 (natural) 12.8 

Cal 100 (nabural) 9.63 


is removed by H 2 O 2 treatment. For the soil at 4.2 m no organic 
matter is detected as discussed earlier and Table 4.4 indicates 
a CEC value for this soil being higher than that obtained for 
soil at 60 cm. without organic matter. As discussed in section 
4,2,1/ the type of clay in this profile is mainly kaolinite. 
Therefore the increase in CEC from 6,4 to 12,8 meg, ''100 gm is 
due to the higher clay content at 4.2 m. These values also fall 
in the range of CEC for kaolinite clay (5 to 15 meq/100 g) . 

Cal 190 of profile L-H with organic content of 7.^% has a CEC 

value of 9.63 meq/lOOg. 

4.3 INDEX properties OF BLAQC SOIL PROFILE (Profile III) s 
4.3,1 mineralogy s 

The X~Ray diffractogram of a typical sample of the black 
soil zone (P-2) of Profile III shows the characteristic peak 
of monhrnorillonite at 14.96 A which expands to 16.7 A after 
glycolation (Fig. 4.4) . The other minerals present are sodic 
pJagioclase (3.19 A) and pyroxene (2.99 A). The weathered 
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basalt shows the mo ntmoril Ionite peak along with prominent 
peaks o£ feldspar and pyroxene. The rock is quartz poor judging 
from the smah'ness of the 3.34 A peak (Fig. 4.4). 

4.3.2 GRAIN SIZE VARIATION s 

Percentage retained on sieve No. 200/ called the coarse 
fraction and percentage of the less than 2-micron x>ar-ticle 
size called the clay fraction of representative samples of 
Profile III are given in Table 4.5. It is clear from these 

Table 4.5 



Depth 

(cm) 

Coarse fraction % 

Clay fraction % 

P-1 

15 

14.7 

30.7 

P-2 

90 

o 

♦ 

o 

CM 

20.0 

P-3 

195 

24.67 

11.7 


data that the clay fraction decreases with depth resulting in 
the relative increase in the coarse fraction. As weathering 
is manifested in the formation of clay minerals/ here it can 
be said that the top soil T,/hich is exposed to the atmosphere 
is most weathered, 

4.2.3 MOISTURE CONTENT s 

As the black soil samples were obtained from the Geology 
Department of Pune University and not collected by us in the 
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field/ no attempt was made to determine their natural moisture 
content. However, the saturation moisture content of the 
weathered Basalt, determined toy Uuick Absorption Test, showed 
a value of 18^4 which is much higher than 6.76% in the c-horizon 
of CaJicut Laterite. This is obviously due to the presence of 
montmorilloni te m this zone. It is well known that the Liquid 
Limit of Black Soils is much higher than that of Laterite soils. 

4.3.4 ORGANIC MATTER CONTENT s 

The organic matter content is highest in the top soil 
and decreases with depth as shown in Table 4.6. 

Table 4.6 



DEPTH 

(cm) 

ORGANIC MATTER CONTENT 
% 

P-1 

15 

10.1 

P-2 

90 

9.6 

P-3 

195 

9.6 


This pattern can be explained by the presence of greater remains 
of plant matter in the root zone. 

4.3.5 pH ; 

Sample P-1 collected at 15 cm depth has a soil pH value 
of 0,0 in ls4 suspension. The value at 195 cm depth is 8.1. 
ThesppH values are higher than those obtained for the Calicut 
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lateiritQ. This difference may be due to the presence of 
montmoril Ionite in the blach soil. Kaolinite in laterite 
soils is known to form under relatively acidic environment. 


4.3.6 CATION EXCHANGE CAPACITY i 

The cation exchange capacity shows a decrease with depth. 
The values are tabulated in Table 4.7, The CEC of the natural 


Table 4,7 



DEPTH 

(cm) 

CATION EXCHANGE CAPACITY 
meq/100 gm 

P-1 

15 

89.7 

P-1 

15 

64.1 

(without 


org. 

matter) 


P-2 

90 

83 .3 


soil was determined in the two samples namely P-1 at 15 cm 
and P~2 at cm depth. /.The results are shown in Table 4,7,] 
The natural soil at 15 cm, has a CEC of 09.7 meq/'lOO gm, When 
the organic matter was removed by ^202 treatment, CSC value was 
reduced to 64.1 meq/100 grn. At 90 cm depth, the organic matter 
content is 9,6% compared with 10,1% at 15 ot. The CEC value 
shows a corresponding decrease from 09,7 meq in sample P-1 to 
83.3 meq/100 gm in sample P-2. The CEC values of the natural 
soil fall in the range predicted for montmoril Ionite clay (80- 
150 meq/'^lOO gm) which is the main clay type in these soils. 



CI■^APTER 5 


DISCUSSION 

The results described in the previous chapter can be 
synthesized to compare the laterite soil profiles with the 
black soil profile. The obvious difference is mineralogy. 
Although the main minerals in the bed rocks for both profiles 
are feldspar Sc pyroxene, the black soil is dominated by mont- 
morillonite and the laterite soils contain kaolinite and 
gibbsite. As discussed in earlier chapters, formation of 
kaolinite and gibbsite with iron oxide represents an advanced 
stage of weathering. At an intermediate stage particularly 
under poor drainage conditions montmorillonite is the product 
of weathering. Broadly speaking, therefore, the mineralogy of 
the laterite soils at Calicut indicates that the profiles are 
at a more advanced stage of weathering compared to the black 
soil profile near Pune. 

The presence of iron oxide i n colloidal and X-Ray 
amorphous state within the laterite soil profiles creates 
aggregation of soil particles. This leads to an increase in 
the coarse fraction and the complementary decrease in the clay 
content towards the top of the soil profile. Thus in laterite 
soil profiles, clay content alone is not a sufficient criterion 
to identify progressive weathering from bed rock to the top 
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soil. In the black soils, in contrast, increasing weathering 
towards the hop gives rise to continuously increasing clay 
content. The common criterion of using the secondary clay 
mineral content as an index of weathering will be valid for 
black cotton soil but will be misleading for laterite profiles. 
As tropical weathering progresses, the, primary silicate minerals 
break down to montmorillonite clays at an intermediate stage. 
With further removal of silica and cations, kaolinite, gibbsite 
and iron hydroxides are the end products. The clay zone is 
ultimately overlain by a gravelly iron oxide rich layer 
■where iron oxide cement causes grain clusters. 

The natural moisture content in the laterite Profile 
L-I IS lowest in the top soil possibly because of loss through 
evapo~transpiration in the root zone. However the 'c' -horizon 
exposed in Profile L-II is relatively dry compared to the 
laterite zone above. The saturation moisture content of the 
'c' horizon in the laterite profile is much lower compared to 
that in the weathered basalt. 

The pH of laterite soil is around 7. As shown in Pig. 
2.1/ this is in the range theoretically predicted for removal 
of Si02 accumulation of Fe(0K)2 and A1(0H)2. The pH of 

black soil is higher being around 8. This supports the view 
that kaolinite forms under more acidic environment compared to 
man-tmorillonite , 
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This study indicates that cation exchange capacity of both 
laterite and black soils is a dependent variable being a function 
of clay type, clay content and organic matter content, ks Table 
5,1 shows, laterite soils v/ith kaolinite and gibbsite have much 
lower CEC values compared to the black soils containing montmo- 
rillonite. The soil at 60 cm depth in laterite Profile L-I 
containing 34.7% clay and 13,6% organic matter has a CEC value 
3 2.1 meq/100 gm. In companison, the black soil at 15 cm depth 
containing 30.7% clay and 10.1% organic matter has a CEC of 
89.7 meq/100 gm. On removing the organic matter by H 2 O 2 treatment, 
the reduction in CEC is (32 .1-6 ,4)/13 .6 = 1.88 milli-equivalents 

Table 5.1 




CLAY 

type 

CLAY 

CONTENT °/ 

ORGANIC 
{, MATTER % 

CEC 

meq/100 gm 

Cal 60 


Kaol l-gibbsite 

34.7 

13.6 

32.1 

C'al 60 
(without 
ma tter) 

org. 

11 

M 

0 

6.4 

Cal 420 


It 

47 .6 

NOT 

DETECTED 

12.8 

Cal 190 


tl 

13 .7 

7.5 

9.6 

P-1 


Mont. 

30.7 

10.1 

89.7 

P-1 

(without 

matter) 

org* 

ii 


0 

64.1 

P-2 


M 

20,0 

9.6 

83,3 
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per one percent organic matter for laterite soil. Similarly/ 
the reductjon in CEC in the black soil is (89 .7-64.1) /lO. 1=2 ,53 
milli-equivalent per one percent organic matter from the black 
soil. As organic matter content decreases with depth in both 
soil profiles, CEC also shows sympathetic reduction. It can, 
therefore, be concluded that the CEC value of a tropical soil 
profile (laterite or black) will be maximum near the surface. 
However, the principal controlling factor is the clay mineral 
type. For any application in agriculture or waste removal, 
the montmoril Ionite rich soils would be most effective in adsorbing 
positively charged cations. 
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